In this paper, Bernstein piecewise polynomials are used to solve the integral equations numerically. A matrix formulation is given for a non-singular linear Fredholm Integral Equation by the technique of Galerkin method. In the Galerkin method, the Bernstein polynomials are exploited as the linear combination in the approximations as basis functions. Examples are considered to verify the effectiveness of the proposed derivations, and the numerical solutions guarantee the desired accuracy.
Introduction
In the survey of solutions of integral equations, a large number of analytical but a few approximate methods for solving numerically various classes of integral equations [1, 2] are available. Since the piecewise polynomials are differentiable and integrable, the Bernstein polynomials [4, 5] are defined on an interval to form a complete basis over the finite interval. Moreover, these polynomials are positive and their sum is unity. For these advantages, Bernstein polynomials have been used to solve second order linear and nonlinear differential equations, which are available in the literature, e.g. Bhatti and Bracken [7] . Very recently, Mandal and Bhattacharya [6] have attempted to solve integral equations numerically using Bernstein polynomials, but they obtained the results in terms of finite series solutions. In contrast to this, we solve the linear Fredholm integral equation by exploiting very well known Galerkin method [3] and Bernstein polynomials are used as trial functions in the basis. For this, we give a short introduction of Bernstein polynomials first. Then we derive a matrix formulation by the technique of Galerkin method. To verify our formulation we consider three examples, in which we obtain exact solutions for two examples even using a few and lower order polynomials. On the other hand, the last example shows an excellent agreement of accuracy compared to exact solution, which confirms the convergence. All the computations are performed using MATHEMATICA.
Bernstein Polynomials
The general form of the Bernstein polynomials [4] [5] [6] [7] of nth degree over the interval
Note that each of these n+1 polynomials having degree n satisfies the following properties:
Using MATHEMATICA code, the first 11 Bernstein polynomials of degree ten over the interval [a, b] , are given below: 
are shown in Fig. 1(a) , and the remaining five polynomials are shown in Fig. 1(b) .
Formulation of Integral Equation in Matrix Form
Consider a general linear Fredholm integral equation (FIE) of second kind [1, 2] is given by
where ) (x a and ) (x f are given functions, ) , ( x t k is the kernel, and ) (x  is the unknown function or exact solution of (2), which is to be determined. Now we use the technique of Galerkin method [Lewis, 3] to find an approximate solution ) ( x  of (2). For this, we assume that
are Bernstein polynomials (basis) of degree i defined in eqn. (1), and i a are unknown parameters, to be determined. Substituting (3) into (2), we obtain
Then the Galerkin equations [Lewis, 3] are obtained by multiplying both sides of (3) by ) ( , x B n j and then integrating with respect to
x from a to b, we have 
Now the unknown parameters i a are determined by solving the system of equations (5), and substituting these values of parameters in (3), we get the approximate solution ) ( x  of the integral equation (2) . The absolute error E for this formulation is defined by ) (
Numerical Examples
In this section, we explain three integral equations which are available in the existing literatures [1, 2, 6] . For each example we find the approximate solutions using different number of Bernstein polynomials.
Example 1:
We consider the FIE of 2nd kind given by [6] 
having the exact solution, 2 9 10 1 ) ( x x    Using the formulation described in the previous section, the equations (5) lead us, respectively,
Solving the system (7) Example 2: Now we consider another FIE of 2nd kind given by [6] 
Now solving the system (9) 
having the exact solution 
Plot of absolute difference, the error E between exact and approximate solutions, is depicted in Fig. 2 for various values of n. Observe that the minimum order of accuracies are 10 -4 , 10 -6 , 10 -7 , and 10 -8 , respectively, with 4, 5, 6 and 7 Bernstein polynomials. This confirms us that we if increase the number of polynomials, the accuracy also increases. Now the approximate solutions, exact solutions, and the error E, between exact and the approximate solutions at various points of the domain are displayed in Table 1 . 9.159888×10 -6 7.759438×10 -6 3.565315×10 -6 9.347079×10 6.065680×10 -6 3.529983×10 -6 7.651093×10 -6 1.444431×10 -6 5.945203×10 -6 3.339474×10 -6 5.480605×10 -6 0.0000149584
Conclusion
We have considered the integral equations to solve numerically. We have obtained the approximate solution of the unknown function by the well known Galerkin method using Bernstein polynomials as trial functions. We have verified the derived formulas with the appropriate numerical examples. In this context we may note that the numerical solutions coincide with the exact solutions even a few of the polynomials are used in the approximation.
